Abstract
effect of the GFSE, the samples were dissolved in saline and administered intragastrically at 0.5-1 g 177 kg -1 once daily for 7 consecutive days. Three hours after the final administration of GFSE, the animals 178 were treated intraperitoneally with 0.5 mmol kg -1 t-BHP (dissolved in saline), and after 18 h they were 179 anesthetized with CO 2 . Blood samples were collected by cardiac puncture and the serum alanine 180 transaminase (ALT), aspartate transaminase (AST), total cholesterol (TCHO), and lactate 181 dehydrogenase (LDH) activities were determined. Following blood collection, the animals were 182 euthanized by cervical dislocation and the livers were weighed, sliced, snap frozen on dry ice, and 183 stored at −70 °C until the lipid peroxidation levels and enzymatic activities were determined. 
Serum biochemical analysis

185
The serum biomarkers for the liver function analysis, including ALT, AST, TCHO, and LDH levels,
186
were assessed using standard assay kits (Roche Diagnostics GmbH, USA) and analyzed using Fuji
187
Dri-Chem 3500 (Fuji Photo Film Co.; Osaka, Japan). 
Lipid peroxidation assay
189
The rats were euthanized by decapitation, and the liver tissues were promptly removed and placed 
Determination of catalase and superoxide dismutase (SOD) activities
196
The rats were euthanized by decapitation, and the liver tissues were removed promptly and placed 
Isoflavone composition of GFSE
257
We determined the isoflavones contained in GFSE by comparing them with 7 standard isoflavones 258 using HPLC analysis. Genistin was the most abundant isoflavone in the GFSE (3.40 ± 0.14 µg mg -1 , 259 Table 2 ). The GFSE also contained the following isoflavones in this decreasing order of content; showed that the GFSE played a similar effect to the positive control silymarin and normal groups,
295
which showed levels at 141.33 ± 24 U L -1 and 132.33 ± 21.83 U L -1 , respectively (Table 3) .
296
Furthermore, the TCHO was effectively decreased from 85.25 ± 3.77 to 64.63 ± 7.8 U L -1 following 297 treatment with 1 g kg -1 of GFSE, However, t-BHP group failed to show a significant increase in
298
TCHO level compared to normal control group (Table 3) . This GFSE-induced lowering of TCHO was 299 greater than that observed with silymarin treatment (Table 3 ). In addition, the t-BHP-induced increase 300 in MDA (a by-product of lipid peroxidation) was also reduced to normal levels in the silymarin-301 treated and GFSE-treated groups (Fig. 3) . These data suggest that GFSE treatment has beneficial 302 effects on the function and metabolism of the liver by protecting liver from t-BHP-induced damage. while GFSE treatment raised the expression levels, reverting them back to normal (Fig. 4A) (Fig. 4C) . However, the GFSE 312 reversed the reduction in Gpx mRNA to the normal level (Fig. 4C ). In addition, GFSE treatment 313 greatly increased the mRNA level of GR, which catalyzes the synthesis of the antioxidant molecule
314
GSH, compared with t-BHP treatment (TC), more than silymarin-treated group (Fig. 4D ). These 315 results indicated that GFSE upregulates the antioxidant enzymes, thereby protecting the liver from 316 oxidative damage. Next, we examined the effects of GFSE on the gene expression of the ROS-317 producing enzyme NOX4. Interestingly, the mRNA expression of NOX4 was increased by around 318 30% in the t-BHP group while GFSE and silymarin suppressed the t-BHP-induced up-regulation of 319 NOX4 (Fig. 4E ). This result correlated with the data (Fig. 3) showing the ROS scavenging effect of 320 GFSE and indicated that this effect may be attributable, at least in part, to the suppression of the 321 NOX4 gene expression. 
Effect of GFSE on antioxidant enzyme activities and antioxidant level in rat livers
323
We sought to determine if the genetic regulation of the antioxidant enzymes by GFSE is associated 324 with cellular activities. Therefore, we examined the activities of the antioxidant enzymes and the level 325 of antioxidant molecules. Treatment with t-BHP greatly decreased the activity of catalase, and this 326 decrease was effectively reversed by GFSE (Table 4 ). In particular, the GFSE group treated with 1 g (SD) rats were administered GFSE (0.5, 1 g kg -1 body weight) or silymarin (50 mg kg -1 body weight) 549 for 7 days, and t-BHP (0.5 mmol kg -1 ) was administered for 18 h, followed by euthanization of rats for 550 liver collection. Hepatic malondialdehyde (MDA) was assayed using the thiobarbituric acid 551 fluorometric method (TBARS). NC: normal control (no treatment), TC: (t-BHP treated control).
552
Values are expressed as mean ± SD for 6 rats. Different letters indicate significant differences at p < 553 0.05. 
